Parametric loudspeaker, which utilizes an ultrasonic of non-linear interaction, is developed to achieve audio spot. The parametric loudspeaker has sharper directivity, but reflections and intercepts by emitted sounds become severe problems. This is because reflections and intercepts lead to an invasion of privacy, and become noise to other listeners except a target listener. Principle of the parametric loudspeaker can formulate as non-linear interaction of carrier and sideband waves in emitted ultrasonic sounds on air. This suggests that we can design audio spot by individually emitting the carrier and sideband waves. In the present paper, therefore, we propose the design method of audio spot with the separating emission of the carrier and sideband waves. More specifically, the audible sound is demodulated at an area where the carrier and sideband waves individually emitted from each parametric loudspeaker are overlapped. We carried out evaluation experiments to measure sound pressure level (SPL) of demodulated audible sound. In addition, we evaluated the speech articulation of the demodulated audible sound with the proposed method. As a result of evaluation experiments, we confirmed the effectiveness of the proposed method.
INTRODUCTION
A parametric loudspeaker with sharper directivity can reproduce an audible sound in the particular area called "audio spot" [1~4] . The parametric loudspeaker emits an amplitude modulated (AM) wave which is generated by modulating amplitude of the ultrasound with the audible sound. The emitted AM wave is demodulated into the original audible sound by non-linear interaction in the air [4, 5] . The AM wave consists of the carrier and sideband waves. The demodulated audible sound is represented by the difference tone between the carrier and sideband waves. In the parametric loudspeaker, reflections and interceptions of emitted sounds become severe problems. These are because reflections and interceptions lead to an invasion of privacy. Moreover, reflections and intercepts become noise to non-listeners. Thus in this paper, we propose the design method of the audio spot for reducing reflections and interceptions. Specifically, we attempt to design audio spot with separating emission the carrier and sideband waves by using multiple parametric loudspeakers. Then, the audio spot is formed in the area including carrier and sideband waves. However, the harmonic distortions occur from the difference tone of the different frequency components included in the sideband wave. It is the problem that the harmonic distortions become the noise. Thus, we also try to reduce the harmonic distortions using the sideband wave with the band-division.
THE PRINCIPLE OF THE CONVENTIONAL PARAMETRIC LOUDSPEAKER
The parametric loudspeaker emits the AM wave designed by amplitude modulating the carrier wave with an original audible sound. AM wave consists of the carrier and sideband waves. The audible sound is reproduced as the difference tone between the carrier and sideband waves. 
Smaller harmonic distortions occur by the emitted AM wave which is designed by SSB modulation method than that by DSB modulation method. However, the harmonic distortions occur by the difference tone of the different frequency components included in the sideband wave. In this paper, we define the emitting AM wave which is designed by the SSB modulation method as the conventional method. In the conventional method, the original audible sound is demodulated in the area of including emitted AM wave. The parametric loudspeaker emits the AM wave with sharper directivity. Consequently, audio spot is designed a linear shape. However, the initial reflections of the reproduced audible sound have higher sound pressure. Therefore, the initial reflections become a noise to nonlistener who hears reflections.
THE PRINCIPLE OF SEPARATING EMISSION OF THE CARRIER AND SIDEBAND WAVES
The demodulated audible sound is represented by the difference tone between the carrier and sideband waves. In this paper, therefore, we propose the design method of the audio spot with separating emission of the carrier and sideband waves. Figure 1 shows the overview of the proposed method. In Fig. 1 
In Fig. 1(a are similar to the frequency components of the AM wave. Therefore, the audio spot is formed in the area including both carrier and sideband waves. In this paper, the area including both carrier and sideband waves is called "audio spot". On the other hand, it is impossible that audible sound is demodulated in the area including carrier wave ) (t p c without sideband wave ) (t p s . However, the harmonic distortions may occur by the difference tone between two frequency components included in the sideband wave in the area including sideband wave ) (t p s without carrier wave ) (t p c .
Then, the harmonic distortions as noise will occur with the proposed method. Thus, we should intend to reduce the harmonic distortions using the sideband wave with the band-division. The harmonic distortions are reduced with the band-division because the frequency components included in the lower or higher frequency divided sideband wave are less than non-divided sideband wave.
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EVALUATION EXPERIMENT Objective Evaluation for Measuring Sound Pressure Level Distribution
We carried out the objective evaluation experiment to confirm the effectiveness of the proposed method. We measured the sound pressure level (SPL) of the audible sound with the proposed method, and with conventional method using a parametric loudspeaker with SSB moderation method. In the audio spot, the SPL of the audible sound is higher. Thus, we expect that SPL is higher in the area including both carrier and sideband waves with proposed method. Table 1 shows the experimental equipments and Table 2 shows the experimental conditions. Figure 2 shows the experimental environment. In Fig. 2 , PL c is the parametric loudspeaker for the carrier wave, PL s is the parametric loudspeaker for the sideband wave. We measured the SPL distribution for confirming our expectation. Under the condition that PL s is set on 0 deg., PL s is put on PL c . Figure 3 shows the SPL distribution with the conventional method. From Fig. 3 , we confirmed that the audible sound was reproduced in the linear area with the conventional method. Figures 4(a) ~ (d) show the distribution of SPL under the condition that PL s is set on 0, 30, 90 and 150 deg., respectively. From Figs. 4(a) ~ (c), we confirmed that SPL with the proposed method is similar to SPL with the conventional method in the audio spot. In addition, SPL out of the audio spot with the proposed method is lower. To take an example, in Fig. 3 , with conventional method, the SPL is 47 dB in the point of 0 m depth and 0 m width, and that is 38 dB in the point of -0.3 m depth and 0 m width. On the other hand, in Fig. 4(b) , with proposed method, the SPL is 46 dB in the point of 0 m depth and 0 m width, and that is 25 dB in the point of -0.3 m depth and 0 m width. Thus, the SPL with proposed method is similar to the SPL with conventional method in the point of depth 0 m and width 0 m as the audio spot. In addition, the SPL with proposed method is lower 13 dB than the SPL with conventional method in the point of depth -0.3 m and width 0 m. These show that the audio spot formed in the area including the both carrier and sideband waves with proposed method. Therefore, we confirmed the effectiveness of the proposed method. In Fig. 4(d) , however, the SPL of the audible sound is lower than 30 dB in all areas. This is because that the direction difference between the carrier and sideband waves is larger. Thus, the non-linear interaction of ultrasonic scarcely influences the waves in the area including both carrier and sideband waves. 
Subjective Evaluation for Evaluating the Speech Articulation
We carried out the subjective evaluation experiment to confirm the effectiveness of the proposed method. We evaluated the speech articulation of the demodulated audible both sounds in the audio spot and out of the audio spot with the proposed and with conventional methods. In the conventional method, a parametric loudspeaker emits AM wave with SSB moderation method. The experimental equipments are the same as the objective evaluation. Figure 5 shows the experimental environments. Table 3 shows the experimental conditions. In Fig. 5 , Mic.1 is set in the audio spot and Mic. 2 is also set out of the audio spot. The experiment is conducted by the following processes.
1) The parametric loudspeakers emit the syllable words. 2) Mic. 1 and Mic. 2 observe the audible sound and record that.
3) The subjects listen to the recorded audible sound with a headphone. 4) The subjects answer the syllable words.
The syllable words include vowels and consonants. The speech articulation is higher when the audible sound is reproduced with the high sound quality. Therefore, the rate of correct answers in the audio spot is higher, and that out of the audio spot is lower when the audio spot is formed with proposed method. In addition, the rate of correct answers is higher when the harmonic distortions occur by the difference tone between the two frequency components included the sideband wave under the condition of emitting the sideband wave without the carrier wave. This is because the harmonic distortions have the frequency components similar to the original audible sound. However, the harmonic distortions are the lower sound quality. Thus, we expect that the rate of correct answers in the audio spot is higher and out of the audio spot is lower. In addition, the rate of correct answers with emitting the sideband wave without the carrier wave is lower than emitting the sideband and carrier waves. 
CONCLUSIONS
The parametric loudspeaker reproduces an audible sound in the particular area that is called "audio spot". However, reflections and intercepts by emitted sounds become severe problems. This is because reflections and interceptions lead to an invasion of privacy. In this paper, we proposed the design method of the audio spot with separating emission of the carrier and sideband waves. When, parametric loudspeaker emits sideband waves, the harmonic distortions may occur by the difference tone between two frequency components included in the sideband wave. Thus, we also proposed the method of reducing the harmonic distortions using divided sideband wave with band-divided.
We carried out the objective evaluation experiment to measure the SPL of the demodulated audible sound. In addition, we carried out the subjective evaluation experiment to evaluate the speech articulation of the demodulated audible sound. As a result, we confirmed that that audio spot was formed in the area including both carrier and sideband waves with the proposed method. In addition, we confirmed that the proposed method with the divided sideband wave is effective for reducing the harmonic distortions.
Therefore, we confirmed the effectiveness of the proposed method. In future work, we will have to improve the sound quality and the SPL of the demodulated audible sound using more parametric loudspeakers.
